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Array antennas have been widely used in the fields of satellite, radar, wireless 
communication and so on. The array antennas with frequency invariant patterns can 
receive wideband signals without distortion, so they have important application value 
in the fields of seismic survey, underwater acoustic communication, audio conference 
systems and so on. In recent years, the theory of compressed sensing has provided a 
new way to solve the problem. In this thesis, a frequency-invariant pattern synthesis 
algorithm based on multi-task Bayesian compressive sensing is proposed. 
This thesis first introduces the theory of compressed sensing, mainly from aspects 
of sparse representation of signal, observation matrix and reconstruction algorithm to 
introduce the compressed sensing theory, and then introduces the Bayesian compressive 
sensing and multi-task Bayesian compressive sensing algorithms. 
In order to apply the theory of compressive sensing to array antenna pattern 
synthesis, this thesis introduces the construction methods of sparse signal, measurement 
matrix and observation matrix. An elements combination method has presented to avoid 
the case of elements locating too close to each other. This method can also reduce the 
number of array elements. 
Frequency-invariant pattern synthesis algorithm based on multi-task Bayesian 
compressive sensing can keep the pattern invariant within the desired frequency range, 
the array is a sparse array, compared with the uniform array, can reduce the number of 
array elements greatly. 
Composite medium filled with nanoparticles is a kind of artificial electromagnetic 
material, has advantages of easy to manufacture, can work in the infrared and visible 
light band, so has been applied in the fields of optical cloak. In this paper, the properties 
of the effective permittivity of polymeric medium filled with plasma spherical 
nanoparticle have been studied. First, we guess the properties of the effective 
permittivity of composite materials, and then through the derivation of formula and 















parts of the effective permittivity satisfy the relationship of a circle. The location of the  
center and the radius of the circle are decided only by the relative permittivity of the 
host polymeric medium and the fill fraction of guest nanoparticles. 
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